The Effort Index (EI) of the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) was developed to identify inadequate effort. Although researchers have examined its validity, the reliability of the EI has not been evaluated. The current study examined the temporal stability of the EI across 1 year in two independent samples of older adults. One sample consisted of 445 cognitively intact older adults (mean age ¼ 72.89; 59% having 12-15 years of education) and the second sample consisted of 51 individuals diagnosed with amnestic Mild Cognitive Impairment (mean age ¼ 82.41; 41% having 12-15 years of education). For both samples, the EI was found to have low stability (Spearman's r ¼ .32 -.36). When participants were divided into those whose EI stayed stable or improved versus those whose EI worsened (i.e., declining effort) on retesting, it was observed that individuals with lower baseline RBANS Total scores tended to worsen on the EI across time. Overall, the findings suggest low temporal stability of the EI in two geriatric samples. In particular, individuals with poorer cognition at baseline could present with poorer effort across time. These findings also suggest the need to further examine the temporal stability of other effort measures.
Introduction
The Effort Index (EI) of the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS; Randolph, 1998) was developed to identify inadequate effort (Silverberg, Wertheimer, & Fichtenberg, 2007) . In the EI development study, extremely poor performance on two subtests of the RBANS, Digit Span and List Recognition, was very rare in a mixed clinical sample of patients with neurological disorders. Higher weighted values were assigned to less frequently occurring raw scores on these two subtests, and the weighted scores were summed to calculate the EI. The EI was validated in separate samples of patients with traumatic brain injuries, a clinical malingering sample, and three simulation groups. Classification accuracy rates indicated that the EI effectively identified inadequate effort in these groups (Silverberg et al., 2007) .
Despite this initial development and validation study, researchers have recently questioned the validity of the EI, especially in geriatric samples. Hook, Marquine, and Hoelzle (2009) found that 31% of their clinically referred, non-litigating older patients were identified with suspect effort on the EI. Barker, Horner, and Bachman (2010) found only modest sensitivity for the EI in their large sample of clinically referred geriatric cases. Lastly, Duff and colleagues (2011) concluded that the EI is valid for use among cognitively intact and mildly cognitively impaired older adults (i.e., low base rates of elevated EI scores), but that among more cognitively impaired older adults, the EI found inflated rates of poor effort. Archives of Clinical Neuropsychology 27 (2012) 114-118 Although reliability data for the scales that make up the EI have been published, to date there are no reliability studies for the EI itself. Temporal stability of the EI is an important psychometric property to evaluate. First, to date, there has been limited empirical attention on the reliability of effort measures. Second, it has been proposed that effort level is not necessarily stable, even within a single battery or test (Heilbronner, Sweet, Morgan, Larrabee, & Millis, 2009 ). Third, the scales that make up the EI (i.e., Digit Span and List Recognition) have been demonstrated to have age-related change over time (see Duff et al., 2005) . Therefore, some degree of test-retest variability for the EI seems likely and clinicians will be expected to make conclusions about the amount and significance of change in performance (Lezak, Howieson, Loring, & Fischer, 2004) .
Interpretation of variability in the EI would be enhanced if clinicians were provided data about temporal stability within older populations for whom adequate and consistent effort over time was presumed. Toward that end, the present study involved the examination of the temporal stability of the EI in two samples of older adults for whom adequate and stable effort was assumed. The available data on the reliability of the subtests that make up the EI (i.e., Digit Span, r ¼ 0.59; List Recognition, r ¼ 0.53; Duff et al., 2005) indicate that the temporal stability of this index would be low. Next, using a change score in EI performance, participants were identified as having either stable/improving effort or worsening effort on the EI. Older age was expected to be associated with worsening EI. Similarly, lower education was expected to be associated with worsening EI. As men tend to do better on Digit Span and women tend to do better on List Recognition (Duff, Schoenberg, Mold, Scott, & Adams, 2011) , gender was not expected to affect EI. Finally, lower RBANS Total score was expected to be associated with worsening EI.
Methods

Participants
Data from two separate and independent samples were used in the analyses. Analyses were conducted separately for the two samples. One sample consisted of 445 cognitively intact, healthy older adults who participated in a longitudinal study of health outcomes. Additional details about this sample are reported in Duff and colleagues (2005) . The second sample consisted of 51 older adults diagnosed with amnestic Mild Cognitive Impairment (MCI) participating in a longitudinal study of cognitive progression. Additional details about this sample are reported in Duff and colleagues (2010) . Demographic data for each sample are presented in Table 1 . In both samples, RBANS data from baseline (i.e., EI1) and 1-year follow-up (i.e., EI2) visits were used. Since both samples were collected as part of research projects and participation in these research projects was voluntary, effort was presumed to be adequate. All participants provided written informed consent, and all procedures were approved by the local Institutional Review Boards.
Measures
The RBANS (Randolph, 1998 ) is a screening measure for cognitive status, and it is comprised of 12 subtests that yield five Index scores (Immediate Memory, Visuospatial/Constructional, Language, Attention, and Delayed Memory) and a Total Scale score. Test-retest reliability data are presented in the manual and elsewhere (Duff et al., 2005) . To calculate the EI, the procedures described by Silverberg and colleagues (2007) were used. EI scores ranged from 0 to 12, with higher scores indicating poorer effort. EI scores were calculated for each individual at each time point (i.e., EI1 and EI2).
Data Analyses
The temporal stability of the EI was examined separately for each group by comparing EI1 and EI2 scores using Spearman's r. Next, within each sample separately, individuals were classified as having either stable or improving EI scores (i.e., same or better score on follow-up) or worsening EI scores (i.e., worse score on follow-up). The participants with stable (n ¼ 347) or improving (n ¼ 52) scores were grouped together because these scores appeared to be more reflective of adequate effort than worsening EI scores. Non-parametric between-group analyses (i.e., Mann -Whitney U-tests, x 2 test) were used to compare the two groups (stable/improving vs. worsening; independent variable) on age, education, gender, retest interval, and baseline RBANS Total Scale score (dependent variables). Nonparametic statistics were used because the EI was expected to violate assumptions of the central limit theorem due to non-normally distributed scores (i.e., high mean and restricted SD on both Digit Span and List Recognition; Kiess, 1996) . Additionally, many of the dependent variables were not normally distributed. Alpha was set at 0.05 throughout these analyses.
Results
When examining the temporal stability of the EI, significant and positive correlations were observed for both samples. For the cognitively intact sample, the Spearman's r correlation between EI1 and EI2 was .36, df ¼ 443, p , .001. In the MCI sample, EI1 and EI2 correlated at .32, df ¼ 49, p ¼ .02 (Table 1) .
In the cognitively intact sample, 399 participants had EI scores that remained stable or improved on follow-up testing and 46 participants had EI scores that worsened. When these two groups were compared, there were no differences (p . .05) for age, education, gender, or retest interval between the stable/improving EI and the worsening EI groups. However, there was a statistically significant difference on RBANS Total Scale score. The worsening EI group had significantly lower RBANS Total Score at baseline than the stable/improving group (U ¼ 6,481.5, p ¼ .005).
In the MCI sample, 38 participants had EI scores that remained stable or improved across 1 year. In this sample, 13 participants showed worsening EI scores. For the MCI sample, there were no group differences for age, education, gender, retest interval, or RBANS Total score between the stable/improving EI and the worsening EI groups (Table 2) .
Discussion
This study examined the temporal stability of the EI in two geriatric samples: one that was cognitively intact and the other classified with amnestic MCI. Results indicated that for both samples, the EI had low stability (Spearman's r ¼ .32-.36) over a 1-year period. To our knowledge, this is first study to examine the temporal stability of the EI. In fact, studies of the stability of Merckelbach and Smith (2003) observed test-retest reliability of 0.72 on a self-report scale of psychiatric and cognitive symptoms (Structure Inventory of Malingered Symptomatology) across 3 weeks for undergraduate students. Although the retest correlations observed in the current study are well below than those reported in the other studies, there are some notable differences. First, our retest interval was considerably longer (i.e., 1 year vs. 2 -3 weeks), and retest intervals are known to affect reliability. Second, our study used geriatric subjects, where most participants in the other studies were well under age 65. Lastly, and perhaps most importantly, the other studies examined measures specifically designed to assess effort, whereas our study used an embedded effort measure. Embedded effort measures are often originally and primarily developed to assess cognitive functions, but they are later realized to also assess effort. One challenge of these embedded effort measures is trying to determine if poor performance is due to low effort or impaired cognition. In the case of the EI, the two RBANS subtests that make up this measure (i.e., Digit Span and List Recognition) only have low reliability (r ¼ 0.59 and 0.53, respectively) across 1 year in geriatric samples (Duff et al., 2005) , so it was expected that the EI's reliability would be limited. Clinicians are encouraged to interpret changes in the EI very cautiously. Low stability is expected. Secondary analyses were conducted to determine whether there were group differences between participants whose EI performance was stable or improved compared with participants whose pattern of EI declined across time (i.e., showed poorer effort on follow-up). When comparing these two groups, there were no differences on demographic variables (i.e., age, gender, education). However, the role of baseline cognitive status was equivocal. In the large cognitively intact sample, individuals who worsened on the EI across time had significantly lower scores on the RBANS Total Scale at baseline. This suggests that an individual with lower cognitive status at baseline may be more likely to demonstrate poorer effort on the EI over time. This finding extends the work of Duff and colleagues (2011) who found a relationship between cognitive status and the EI in geriatric samples. Their findings, however, observed relationships between baseline cognitive status and baseline effort measures, whereas the current findings apply to changes in EI across 1 year. One clinical implication of these findings is that "true" cognitive decline could be interpreted as worsening effort in some older and cognitively impaired patients. In our second sample of individuals with MCI, baseline cognition was not related to EI changes across time.
Another interpretation of the current findings may come from the recent observation that cognitive variability itself may be a marker of cognitive dysfunction/decline. Several investigators (Cherbuin, Sachdev, & Anstey, 2010; Gorus, De Raedt, Lambert, Lemper, & Mets, 2008; Loewenstein et al., 2006; Tractenberg & Pietrzak, 2011) have reported that poor temporal stability of a variety of cognitive measures was related to the eventual development of MCI and dementia. Those showing decline in the EI in the current study may be on a downward cognitive trajectory. Regardless of the interpretation of the findings, clinicians are encouraged to exercise caution when interpreting worsening effort on the EI among older patients.
The current study has several limitations. First, no additional measures of effort were employed beyond the EI and it is possible that some of the participants did not put forth adequate effort. However, since all individuals were voluntary participants in research studies on cognition and aging, it is unlikely that poor effort was common in these samples. Nonetheless, future investigations should include independent measures of effort. Second, we assumed that effort was consistent over time. Therefore, we concluded that the observed variability on the EI reflected cognitive (as opposed to motivational) factors. It is possible that our results simply reflect the limited stability of effort. Yet, another possibility is that the psychometric properties (e.g., restricted range of scores) of the scales that make up the EI limit the correlation coefficients, and therefore reliability, of this index. Additional examination of the stability of effort, as well as moderating variables, is needed. Third, independent measures of cognitive status should be employed. We used the RBANS Total Scale which is comprised of the subtests that make up the EI; therefore, results may reflect this overlap. However, when we calculated an RBANS Total Scale score that did not include Digit Span and List Recognition, the findings remained the same in our group comparisons. Fourth, our definition of decline in EI across time may have been too liberal. We categorized any decline in the EI (i.e., ≥1 point drop) as a decline, and it may be more clinically useful to examine participants who progressed from adequate EI (i.e., EI ≤ 3) to suspect EI (i.e., EI . 3) using the most conservative cut-off outlined by Silverberg and colleagues (2007) . Finally, the length of retest interval may be an important factor in the temporal stability of the EI. Our retest interval was restricted to 1 year, and shorter or longer retest intervals may have led to different results. Future studies should include a wider range of retest intervals to assess the role of time.
Embedded effort measures have been identified as potentially useful aides for neuropsychological evaluations (Wolfe et al., 2010) . These embedded effort measures sometimes involve novel combinations of existing subtests and the psychometric properties of these new indices should be evaluated. Without such evaluation, interpretation of embedded effort measures is limited. The results of this investigation suggest that variables apart from effort (e.g., cognitive status) may explain change in EI performance. Continued investigation into the reliability and validity of embedded effort measures is encouraged.
